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Bone marrow tumorsAbstract Purpose: To assess the validity of bone marrow DWI in discrimination between benign
and malignant bone tumors.
Patients and methods: The study was conducted on 30 patients who had previous history of pri-
mary malignancy and now have suspected bone metastasis. All patients were previously diagnosed
vertebral compression fracture by plain radiography, computed tomography, or bone scintigraphy.
The examinations were performed on a 1.5 T MR scanner, followed by histopathological examina-
tion (gold standard) for correlation with Radiological data.
Results: The diagnostic value of a restricted pattern by DWI for the discrimination between benign
and malignant lesions had proven overall sensitivity 0.94 (95% CI, 0.3–0.1), speciﬁcity 0.50 (95%
CI, 0.23–0.77) and accuracy 0.73 (95% CI, 0.54–0.88), and that the best cut-off criterion is ADC
of 60.67 (J-index, 0.72) with area under the ROC curve (AUC) 0.82, and this means that 60.67
indicates malignant result while >0.67 is deﬁned as benign results with a sensitivity of 94%, speci-
ﬁcity of 79% and accuracy of 87%.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Bone tumors were previously diagnosed using radiographic
plain X-ray with clinical and demographic correlation for diag-
nosis (1).
Plain X-ray is still the ﬁrst line imaging, yet CT is used to
provide more information mainly about subtle corticaldestruction, soft tissue extension, matrix mineralization and
scalloping of endosteum. MRI represents the most advanced
imaging in diagnosis of bone tumors being most sensitive in
assessing bone marrow changes and extent of tumors com-
pared to CT and Plain X-ray yet not that speciﬁc in differenti-
ating benign from malignant lesion using conventional MRI
imaging techniques (2).
The speciﬁcity of MRI can be raised by administrating IV
contrast mainly to identify soft tissue masses, tumor necrosis
and margins of the tumor; yet, this technique could not be per-
formed in patients with impaired renal function or poor
venous access (3).
So to improve characterization of bone tumors, DWI was
added to MRI techniques as it increases sensitivity and speci-
ﬁcity by detecting the micro-diffusion changes of water into
intra and extra cellular spaces (2).
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microenvironment affects the Brownian motion of the water,
using ADC map as the quantitative measurement. Low ADC
Values can be calculated in densely cellular tissues or those
with cellular swelling and high ADC values can be calculated
in acellular regions (3).
So our aim of this study was to assess the validity of DWI
and ADC values and to calculate a cut-off value to discrimi-
nate between benign and malignant osseous tumors.
2. Patients and methods
2.1. Patients
This prospective study was conducted at Ain Shams University
Hospital for patients who had previous history of primary
malignancy and now have suspected bone metastasis.
Most of patients were referred from clinical oncology
department in Ain Shams University Hospitals and rest was
referred from outpatient clinics. Written informed consent
was obtained from all patients included in this study.
All patients were previously diagnosed vertebral compres-
sion fracture by plain radiography, computed tomography,
or bone scintigraphy. The interval from presentation to imag-
ing ranged from 1 to 90 (mean, 54) days.
We had 30 patients with preliminary diagnosis of bone
metastasis, 3 of them with previous history of RTH (radiother-
apy) on bone metastasis and 4 with unknown primary. 23 out
of these 30 patients had known primary tumors, including lym-
phoma (n= 1), carcinoma of breast (n= 5), leukemia
(n= 1), sarcoma (n= 5), carcinoma of prostate (n= 1), cer-
vical chordoma (n= 1), thyroid carcinoma (n= 1), renal cell
carcinoma (n= 1), hepatocellular carcinoma (n= 3) and
bronchogenic carcinoma (n= 4).
The 23 included patients had no previous history of metas-
tases to vertebral column. They underwent MRI to assess the
underlying pathology of the already diagnosed vertebral
compression.
All patients underwent histopathological examination (gold
standard) for correlation with MRI data.
Bone biopsy was done via CT guided percutaneous biopsy
(19).
 Proper review of the clinical data and all imaging studies
was done to determine the most appropriate biopsy site.
 The biopsy route was planned such that it does not compro-
mise the neurovascular bundles.
 The biopsy was done via CT-guided percutaneous biopsy
mostly, in consultation with the surgeon who will be per-
forming the deﬁnitive surgery and in some cases also with
the pathologist who will be examining the specimen.
 We aimed to obtain at least three specimens during biopsy,
to conﬁrm adequacy of the biopsy specimen.
 Anticoagulants were discontinued prior to biopsy, and for
assessment of infection antibiotics stopped at least 48 h
before the biopsy. Other factors considered prior to biopsy
are blood tests for coagulopathy (prothrombin time, acti-
vated partial thromboplastin time), platelet counts, need
for sedation or anti-anxiety premedication, and written
informed consent. During CT ﬂuoroscopy the patient positioned to facilitate
needle access to the lesion and, ideally, also to ensure as
much comfort as possible. For biopsy of thoracic and lum-
bosacral spine lesions, the patient was in a prone position.
Sometimes, the patient may have to be placed in a lateral
decubitus, semi-prone or semi-supine position, to ensure
patient comfort and to minimize patient movement.
Although the radiation dosage in CT ﬂuoroscopy is rela-
tively small, compared with conventional diagnostic CT,
care was taken to minimize irradiation to both the patient
and the operator.
 The patient’s vital signs were continuously monitored dur-
ing the procedure. Following preliminary axial CT scan-
ning, the most appropriate slice was selected to plan the
most ideal route for directing the needle into the lesion.
Generally, if there are multiple lesions, the largest and most
superﬁcial lesion was chosen. Any soft tissue mass related to
the bony lesion is biopsied.
 In planning the needle route, vital anatomical structures,
e.g., major blood vessels, nerves, peritoneal cavity, and
spinal canal and its contents, are avoided.
 After administration of local anesthesia (1% lignocaine), a
small skin incision was made and the biopsy needle was
directed into the lesion under intermittent CT ﬂuoroscopy
guidance.
 In tumors, the necrotic or cystic areas were avoided.
 Ideally, a cytopathologist was present during the procedure
to determine the adequacy of the tissue specimen. All mate-
rials obtained sent for cytology, culture, and histopatholog-
ical examination.
 After biopsy, the puncture site dressed and checked for pos-
sible complications. Prophylactic pain medication given to
the patient.
 The patient sent home with instructions for pain medica-
tion, and warned about possible complications.
No major complications were encountered in our study,
except pain, minor ecchymosis at puncture site, one case of
pneumothorax during biopsy of thoracic lesion which was
treated successfully.
2.2. MR technique
All examinations were performed on a 1.5 MR scanner
(Achieva; Philips Medical Systems, Bothell, WA, USA) using
a spine radio-frequency surface array coil.
Patients with known primary malignancy received gadolin-
ium as part of the routine protocol of cancer patient at our
MRI unit which consists of the following routine sequences:
Unenhanced sagittal and axial T1-weighted fast spin-echo
sequence, a sagittal and axial T2-weighted fast spin-echo
sequence, a sagittal T2-weighted STIR sequence and a contrast
enhanced sagittal and axial T1-weighted sequence with fat sup-
pression and we added for our study the sagittal diffusion-
weighted imaging.
The scan parameters were as follows:
Sagittal T1-weighted turbo spin echo images were acquired
(TR/TE, 424/9; number of slices, 12; slice thickness, 4 mm;
gap, 0.4 mm; ﬂip angle, 80_; FOV, 300 mm2). The total imag-
ing time was 1:54 min.
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TE, 575/10; number of slices, 25; slice thickness, 5 mm; gap,
0.5 mm; ﬂip angle, 90_; FOV, 200 mm2). The total scan dura-
tion was 1:46 min.
Sagittal T2-weighted turbo spin echo images were per-
formed (TR/TE, 2578/100; number of slices, 12; slice thickness,
4 mm; gap, 0.4 mm; ﬂip angle, 90_; FOV, 300 mm2). The total
imaging time was 1:51 min.
Axial T2-weighted turbo spin echo images were performed
(TR/TE, 3000/100; number of slices, 25; slice thickness, 5 mm;
gap, 0.5 mm; ﬂip angle, 90_; FOV, 200 mm2). The total imag-
ing time was 1:06 min.
Sagittal T2-weighted STIR images were acquired (TR/TE,
3761/80; number of slices, 12; slice thickness, 3.8 mm; gap,
1.2 mm; ﬂip angle, 90_; FOV, 300 mm2). The total imaging
duration was 2:08 min.
DWI was performed with free breathing and inversion
recovery single-shot spin-echo echo-planar sequences (TR/
TE, 9000/68; number of slices, 12; slice thickness, 5 mm; gap,
0 mm; ﬂip angle, 90_; FOV, 300 mm2). We applied 3
diffusion-sensitizing gradients with b-values of 0, 50 and
800 s/mm2. The total imaging time was 6:09 min.
After manual intravenous administration of 0.1 mmol/kg of
gadolinium-DTPA, axial and sagittal T1-weighted fat sup-
pressed sequences with the following parameters were applied:
TR/TE, 574/10; number of slices, 12; slice thickness, 4 mm;
gap, 0 mm; ﬂip angle, 90; FOV, 300 mm2). The total scan dura-
tion was 1:43 min for sagittal images and 2:26 min for axial scan.
The routine scan time was 7 min and 36 s; the DWI scan
time was 6 min and 9 s.
2.3. Images interpretation
All images were loaded to a workstation (HPZR 24 W; Philips
Medical Systems).
Radiologists performed bone marrow evaluation and image
interpretation with expertise in musculoskeletal MRI working
in consensus.
During the MR image analysis, the radiologists were
blinded to the clinical history or previous radiological reports
of the study patients.
Bone marrow signal intensity was qualitatively analyzed by
visually comparing its signal intensity with the signal intensity
of the non-degenerated intervertebral disk, subcutaneous fat
and muscle tissue depicted on T1-weighted images.
For MRI interpretation, we used previously established
diagnostic criteria for vertebral bone marrow evaluation to
include (Zidan and Elghazly (17)) malignant marrow lesions,
whether multifocal or diffuse, were deﬁned as those being
isointense or hypointense to muscle or intervertebral disk on
T1-weighted images with corresponding hyperintensity on
T2-weighted or STIR images, hyperintense on the DWI with
a high b-value (b-value = 800) and show avid post contrast
enhancement.
2.4. Quantitative analysis
The radiologist quantitatively evaluated the bone marrow sig-
nal intensity by performing measurements in regions of interest
(ROIs). Hyper intense lesions on the DWI with a high b-value
(b 800) that correspond to signal intensity changes on the T1-weighted spin-echo MR images were identiﬁed and the regions
of interest were manually drawn trying to stay within the con-
ﬁnes of the hyper intensity.
The ROI was lesion-size-dependent in localized discrete
lesions, but in diffuse vertebral marrow lesions it was drawn
as large as possible placed in the anterocentral aspect of verte-
bral body to avoid vertebral end plate degenerative changes
and basivertebral vein plexus. The regions of interest varied
between 5 and 15 mm in diameter. In each patient at least 3
ROIs were applied. The ROIs were copied into the computer
memory and pasted onto registered ADC maps. ADC values
were automatically calculated using the software provided by
the MR scanner manufacturer (Diffusion Calculation: Medical
Systems) and the ADC quantitative parameter was expressed
in square millimeters per second as mean ± SD. The average
ADC value of the three regions of interest of each patient
was calculated and recorded.
2.5. Statistical analysis
Data were analyzed using MedCalc version 14 (MedCalc
Software bvba, Ostend, Belgium) and the DAG Stat spread-
sheet. Normally distributed numerical variables were presented
as mean (SD).
Categorical variables were presented as number (%) and
inter-group differences were compared using the Pearson chi-
squared test or Fisher’s exact test, when appropriate. Skewed
numerical variables were presented as median (interquartile
range) and between-group comparisons were done using the
Mann-Whitney U-test.
Receiver-operating characteristic (ROC) curve analysis was
used to examine the value of the ADC for discrimination between
benign and malignant lesions. The DeLong method was used to
compare the area under various ROC curves (AUC).
The diagnostic value of a restricted DWI pattern was exam-
ined by construction of two-by-two contingency tables with
the ultimate classiﬁcation of lesions into benign or malignant
by biopsy regarded as the gold standard for lesion classiﬁca-
tion. The following diagnostic indices were then calculated:
sensitivity, speciﬁcity, positive predictive value, negative pre-
dictive value, positive likelihood ratio, negative likelihood
ratio, correct classiﬁcation rate, and misclassiﬁcation rate.
3. Results (Table 1 and Figs. 1 and 2)
According to the gold standard for lesion classiﬁcation by
biopsy, 16 (53.3%) patients were proved to be malignant and
the other 14 (46.7%) were proved to be benign, in which 22
(73.3%) patients out of 30 showed restricted diffusion and 8
(26.7%) showed facilitated diffusion with median ADC value
0.6 (0.4  1.3)  103 mm2/s.
15 (93.8%) out of the 16 patients, which proved to be
malignant by the gold standard classiﬁcation, showed
restricted diffusion with median ADC value 0.51 (0.37–0.60)
and the P-value is statistically signiﬁcant (p< 0.05).
while 7 (50%) out of the 14 patients, which proved, to be
benign by the gold standard showed facilitated diffusion with
median ADC value of 1.30 (1.20–1.40) and the P-value is sta-
tistically signiﬁcant (p< 0.05) (see Cases 1 and 2).
The following Fig. 2 shows the diagnostic value of a
restricted pattern by DWI for the discrimination between
Case 1 44 yrs old female patient with history of breast cancer after surgery and chemotherapy, shows multiple scattered inﬁltrative
metastatic bone marrow lesions implicating various dorsal, lumbar and sacral vertebrae (single arrows), with associated soft tissue
prevertebral and epidural components at level of L5/S1 (double arrows), encroaching on exiting nerve roots. All lesions exhibiting
hypointense sagittal T1WI (a), axial T1WI (f) hyperintense T2WI (b), and STIR (c) with heterogeneous post contrast enhancement (d, g),
show diffusion restriction on DWI (e) denoting malignant nature and high cellular impaction of the tumor with ROI taken on most
cellular packed regions (ROI). Bone and soft tissue Biopsy was taken from big sacral lesion via CT guided percutaneous biopsy of the
most cellular packed areas (high DWI and low ADC).
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CI, 0.3–0.1), speciﬁcity 0.50 (95% CI, 0.23–0.77) and accuracy
0.73 (95% CI, 0.54–0.88).
Also, the results according to ROC curve for the discrimi-
nation between benign and malignant lesions using the ADC
value showed that the best cut-off criterion is ADC of 60.67
(J-index, 0.72) with area under the ROC curve (AUC) of 0.82,
and this means that 60.67 indicates malignant result while>0.67 is deﬁned as benign results with a sensitivity of 94%,
speciﬁcity of 79% and accuracy of 87% (Table 2 and Fig. 3).
4. Discussion
The term bone tumor is a broad category, which includes neo-
plasms, tumor-like conditions, reactive focal abnormalities,
and metabolic diseases (4).
Case 1 (continued)
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malignant, and the latter may be subcategorized as primary
and secondary. It is estimated that primary benign tumors
are ten times more common than primary malignant tumors
(5,6).
The ability to differentiate benign from malignant disease is
limited clinically. Therefore, Multimodal diagnostic imaging
plays an essential role in determining dignity, stratifying risk
and guiding biopsy (7). Magnetic resonance imaging (MRI)
is an established modality for comprehensive diagnosis of mus-
culoskeletal tumors, particularly in pediatric patients. How-
ever, data on diagnostic accuracy of MRI in predicting
dignity of musculoskeletal tumors vary widely in the literature.Some studies (8–10) reported high sensitivity and speciﬁcity,
while others stressed the nonspeciﬁc appearance of most
lesions (11).
Diffusion-weighted imaging (DWI) has been introduced as
a novel sequence for extra-neurological imaging. Available
data, mostly from adult patients, have shown improved detec-
tion of pathological lesions and an interesting potential for tis-
sue characterization based on altered diffusivity of free water
in inﬂammatory and neoplastic foci (11).
The application of DW-MRI in bone marrow is today an
established examination technique that provides an unique
contrast and that can help in the detection of bone-marrow
pathologies and the differentiation of benign and malignant
Case 2 25 yrs old female patient with right pubic wing metastatic Ewing’s sarcoma (double arrows) showing large destructive bony
lesion with soft tissue component arising mainly from superior and inferior pubic rami on right side with destruction of underlying bone
and invasion of surrounding structures, with multiple scattered axial and peripheral bony metastatic lesions of multiple vertebral bodies,
iliac, ischial bones and both femoral bones (single arrows). The Masses exhibiting low T1WI (a), high T2WI (b), with heterogeneous post
contrast enhancement (c, g, h) and diffusion restriction (d) show low diffusion coefﬁcient value of 0.6  103 mm2/s on ADC denoting
malignant nature of tumor with ROI placed on most cellular packed areas of high DWI (d) and low ADC (e).
924 E.A.SH. Geneidi et al.bone-marrow lesions. It has been applied particularly success-
fully in DWI studies of vertebral lesions and of vertebral com-
pression fractures (11).Radiography is an imaging tool at the forefront of identiﬁ-
cation, determination of degree of aggressiveness, and ranking
of diagnostic differentials in bone lesions. In non-aggressive
Fig. 1 Prevalence of a facilitated or restricted DWI pattern in
association with benign or malignant lesions.
Fig. 2 Box plot showing the ADC value associated with benign
or malignant lesions. Box represents the range between the 1st and
3rd quartiles (interquartile range). Line inside the box represents
the median (2nd quartile). Error bars represent the minimum and
maximum values excluding outliers (rounded markers) and
extreme values (squared markers).
Table 1 Diagnostic value of a restricted pattern by DWI for
the discrimination between benign and malignant lesions.
Diagnosis Restricted Non-
restricted
Total
Malignant 15 1 16
Benign 7 7 14
Total 22 8 30
Diagnostic index Estimate Lower 95%
CI
Upper 95%
CI
Sensitivity 0.94 0.70 1.00
Speciﬁcity 0.50 0.23 0.77
Predictive value of
positive test
0.68 0.45 0.86
Predictive value of
negative test
0.88 0.47 1.00
Likelihood ratio of
positive test
1.88 1.09 3.21
Likelihood ratio of
negative test
0.13 0.02 0.90
Eﬃciency 0.73 0.54 0.88
Misclassiﬁcation rate 0.27 0.12 0.27
Table 2 Receiver-operating characteristic (ROC) curve for
the discrimination between benign and malignant lesions using
the ADC value.
ROC curve index ADC
Area under curve (AUC) 0.82
95% CI for the AUC 0.64–1.00
p-value (AUC0 = 0.5) 0.001
Youden (J) index 0.72
Best cut-oﬀ criterion (103 mm2/s) 60.67
Sensitivity (%) 93.75
95% CI for sensitivity 69.8–99.8
Speciﬁcity (%) 78.57
95% CI for speciﬁcity 49.2–95.3
Positive likelihood ratio (+LR) 4.37
95% CI for +LR 1.6–12.0
Negative likelihood ratio (LR) 0.08
95% CI for LR 0.01–0.5
Positive predictive value (+PV, %) 83.30
95% CI for +PV 58.6–96.4
Negative predictive value (PV, %) 91.70
95% CI for PV 61.5–99.8
Overall accuracy 86.69%
DWI in characterization of bone tumors 925and radio graphically unspeciﬁc lesions, MRI may provide
greater speciﬁcity in the diagnosis through signal patterns cap-
tured through wide array of modalities and by enhanced pat-
tern, in which case being more informative than dynamic
sequences. In aggressive lesions, MRI is the optimum method
for loco-regional staging and has shown promising results in
determining the degree of tumoral necrosis both during and
after chemotherapy treatment, by utilizing advanced
sequences.Differentiating benign and malignant tumors in the muscu-
loskeletal system may be possible with DW imaging. Increased
ADC values represent an increase in extracellular water or loss
of the cell membrane integrity, whereas decreased ADC values
reﬂect the decrease in extracellular water content or increase in
cell number or size (12).
Malignant tumors tend to have lower ADC values and
benign tumors tend to have higher ADC values, but there
are some exceptions. Threshold ADC values for brain tumors,
breast tumors, etc., have been reported but to the best of our
knowledge there is no deﬁned cut-off ADC values for bone
tumors (13,14).
Fig. 3 Receiver-operating characteristic (ROC) curve for the
discrimination between benign and malignant lesions using the
ADC value.
926 E.A.SH. Geneidi et al.In agreement with Khoo et al. (15) DWI has potential value
as it adds to conventional MRI particularly in lesion
characterization.
According to Neubauer et al. (16), Mean
ADC 6 1.03  103 mm2/s is a strong indicator of malignancy
at the ﬁrst diagnosis; however, in our study, we found ADC
value less than 0.67 is a strong indicator of malignancy.
Pekcevik et al. (1) stated a cut-off value of 1.37 for distin-
guishing benign and malignant lesion. They noted although
there is some overlap, ADC values of benign and malignant
bone tumors seem to be different.
In Zidan (17), the ADC values recorded from the automat-
ically created ADC maps differed signiﬁcantly malignant and
benign marrow entities.
ADC value was able to distinguish benign from malignant
high signal intensity on DWI. This was in agreement with Pad-
hani et al. (18), who highlighted the necessity of correlating
high b-value DW images with corresponding ADC values to
prevent misinterpretation due to T2 shine-through.
Our study showed that DWI has a diagnostic value in the
discrimination between benign and malignant lesions with
overall sensitivity 0.94 (95% CI, 0.3–0.1), speciﬁcity 0.50
(95% CI, 0.23–0.77) and accuracy 0.73 (95% CI, 0.54–0.88).
Also, the results according to ROC curve for the discrimina-
tion between benign and malignant lesions using the ADC
value showed that the best cut-off criterion is ADC of
60.67, and this means that 60.67 indicates malignant result
while >0.67 is deﬁned as benign results with a sensitivity of
94%, speciﬁcity of 79% and accuracy of 87%.
5. Conclusion
In conclusion we prove high speciﬁcity and sensitivity of DWI
in discrimination between benign and malignant bone tumorswith signiﬁcant cut-off value, making it a non-invasive tool in
diagnosis of bone marrow metastasis and differentiating it
from other benign lesions.Conflict of interests
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